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Abstract
This study is part of a larger research that aims to investigate the performance of workers along the learning curve, specifically 
by comparing those workers with work discontinuity with those without. In a previous paper published by the authors, it was 
shown that the performance of similar work during a break between stints of work helps in the continuation of worker 
performance along the learning curve, particularly if the similar work contains at least 40% the same work components as the 
work performed during the discontinued or broken stints, and furthermore if the similar work is performed continuously during 
the break between stints. This study performs a more detailed analysis by characterizing the effects on the learning curve, 
specifically on the decrease in processing time, by different levels of similarity (i.e., similarity as measured by the different 
percentages of work components being the same) between the work during the break and the work during the stints. This study 
finds different effects on the learning curve of the worker at the values of similarity of less than 20%, between 20% and 40% and 
greater than 40%.
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Fig. 1. Work situation in this study.
1. Introduction
There is a continued interest in studying the effect of “learning” and “forgetting” particularly in relation to 
production workers who are hired on “contractual basis” then re-hired after a so called “work break”. For example, 
in the Philippines, hiring workers for a period of up to less than six months is commonly practiced across many 
industries for various reasons which may include the preference of the company to keep labor costs low, seasonality 
of production activities, and so on. Companies are required by law to provide additional benefits to workers who 
have worked for a minimum of six months. 
After working for a period of less than six months, some workers are referred to related (“sister”) companies for
hiring. Others are completely released from the company. Thereafter, after a period of about six months again of 
working with the related company or a completely different company, the workers may be rehired by the same 
company they first worked for. This results to an iterative hiring and re-hiring of the worker by the same company. 
(Note: For easier understanding, this research refers to the first period of work in the company as “stint i”, then 
refers to the second time as stint i+1.)
The interest to study the effect of “learning” and “forgetting” in the situation described above is of practical 
significance. Questions such as (1) “Will it be reasonable for the company to expect the worker to take the same 
(average) production time to output one good unit on the stint i+1 as on stint i?”; consequently, (2) “If it will not be 
reasonable to expect the worker to take the same production time, how much would be a reasonable increase in
production time per unit of good output?”; and further, (3) “Would there be possible interventions that could be 
done during the work break in order for the production time per good unit of output in stint i+1 to be almost equal to 
that in stint i?”
Previously, in 2013, the authors have worked on an exploratory investigation to know if there would be learning 
remission in manual work given that similar work is performed during the work break [1]. Furthermore, in 2014, the 
authors performed a general investigation to compare the performance of operators with work break versus those 
without work break [2]. This study aims to continue the research to find out answers to the questions stated above. In 
particular, the previous studies have aimed to answer the aforementioned Questions (1) and (2). This research aims 
to provide answer to Question (3).
Figure 1 provides an illustration of the work situation described in this research.
2. Research problem
This research aims to solve the problem of minimizing the difference between the average production time per 
unit during stint i and the average production time per unit during stint i+1.
i
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t
tt 1min (1)
Previous related studies have proven that usually, ti+1 > ti because of “forgetting” or “learning remission”. The 
research problem stated above implies that this research would like to minimize the effect of “forgetting”. This will 
be done by investigating the effect on (ti+1 - ti)/ ti of (1) the length of the work break and (2) performing similar 
work during the work break. The former, i.e., the effect of the length of the work break has been investigated 
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extensively in the past by other researchers. The next section describes the findings of these related research works 
in more detail then distinguishes the scope of this research from those. The latter, however, has not been much
explored by other studies. The authors of this paper have arrived at this possible intervention of letting the worker 
perform similar work in order to reduce forgetting, as the authors have noted in some of their observed cases that the 
workers who are perceived to be “good performers” by the company are, after their contract, referred to a “sister 
company” where they perform similar work. Then, after their contracts with the “sister company” expire, they are 
re-hired by the company where they originally worked for, resulting to a second stint of work upon re-hiring. 
Because of this, the authors hypothesize that the performance of similar work in the sister company may result to 
less forgetting.
Note that the problem states that this research will deal with “average” production time during stint i and 
similarly, “average” production time during stint i+1.  Through each stint, there is usually a reduction in production 
time per unit because of the effect of the learning curve. Theoretically, studies must deal with the distribution, rather 
than just the average, when characterizing the production time per unit output. However, since the intended 
application of this research is more targeted for the determination of the remuneration/pay for the work of the 
worker during the stint, and this remuneration is fixed for the entire duration of the stint, this research uses the 
average production time to simplify analysis. Depending on the intended applications, future studies may require 
analysis of the distribution of production time rather than average production time.
3. Related studies
Table 1 shows the related studies conducted in the past by other researchers.
Table 1. Related studies, their main objectives and main conclusions.
Author/Researcher (Year) Main Objective Main Conclusion(s)
Thomassen (2000) Compare individual vs. group 
(production line) ability
Learning ability of individual > Learning ability of group.
Confirm the Power Model 
Equation (Globerson and Levin) 
(Same conclusion as Globerson and Levin) The greatest amount of 
forgetting occurs after a short break.
Nembhard and Uzumeri 
(2000)
Model learning and forgetting Learning and forgetting are concurrent processes (modeled by adding a 
parameter to their previously proposed parabolic model of learning).
Arzi and Shtub (1997) Model learning rate There is correlation between learning rate and the skill decrement during 
a break using a measure of intensity of forgetting (defined as the ratio 
between performance time after the break and the corresponding 
predicted time assuming no break).
Furthermore, there is greater forgetting (decrement) for mental task 
compared to mechanical task
Shtub et. al (1993) Model the Relearning Relearning is a function of the skill achieved during learning and the 
length of the break
Globerson, Levin and Shtub 
(1989)
Model the Relearning 
(by modeling the previous 
experience parameter)
Previous experience is a function of the time of (1) the last repetition, (2) 
the break between the last and the immediate previous to the last
repetition and the learning rate.
Furthermore, forgetting intensity is greater for cognitive task than for 
motor task.
Bailey (1989) Investigate the factors affecting 
forgetting
Forgetting is a multiplicative function of the amount learned before the 
break and the length of the break but NOT a function of the learning rate.
Globerson and Levin (1987) Conceptually model forgetting 
to various factors
Forgetting is a function of turnover, communication and documentation.
Sule (1978) Confirm the applicability of the 
learning curve to both learning 
and forgetting
Using the model of the learning curve, forgetting is a function of the 
length of the break and the performance time prior to the break.
Carlson and Rowe (1976) Develop a learning-forgetting-
learning model
Based on the learning-forgetting-learning model, forgetting is a function 
of the length of the break.
Steedman (1970) Investigate residual memory Residual memory is correlated with the length of the break and the 
performance time immediately before the break took place.
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3.1. References to previous studies
To address the research problem, this study draws references to the previous related works of other authors. 
Thomassen [3], Shtub [4], Bailey [5], Sule [6], Carlson and Rowe [7] and Steedman [8] all provide basis for testing 
the hypothesis herein that the length of the work break has a significant effect on forgetting (i.e., t i+1 > ti) although 
specific test must be performed by this research to investigate the effect of work break of 10 days and 2 to 3 months 
since these are the periods of usual work break for the case of interest applicable to contractual workers.
Furthermore, this research draws foundation knowledge from the research works of Nembhard and Uzumeri [9]
and Arzi and Shtub [10] that forgetting is related to learning. Hence, the authors of this research hypothesize that the 
worker goes through the learning curve through stint 1, then may go through “forgetting” during the work break, and 
thereafter in stint 2 may go to through a learning curve that may be close to the theoretical continuation of the 
learning curve in stint 1, depending on the activities performed during the work break.
Still further, the study of Globerson, Levin and Shtub [11], as well as some of the studies described above, 
provide foundational basis to state that ti+1 and ti are related and their difference may be smaller for motor tasks 
which is usually the type of work in the cases of contractual workers discussed in this study.
Lastly, the findings of Globerson and Levin [12] show that forgetting is a function of various factors, not only of 
the length of the work break or the time of the last repetition of work prior to the work break. This provides 
inspiration to this research on the hypothesis that possible interventions based on these related factors may be 
performed in order to reduce forgetting.
3.2. Research gap
With the aforementioned discussions, therefore, there is a research gap to address the problem of how to 
minimize (ti+1 – ti)/ ti from the practical perspective by:
x Varying (shortening) the length of the work break to be any period from 10 days up to just less than six months
x Making the worker work during the “work break” but and designing that work during the work break to avoid 
forgetting
4. Research objective
The research objective is to investigate, through case study, if the following have significant relationship with 
(ti+1 – ti)/ ti:
1. Length of the work break (note: given that this is a period from 10 days or 2 to 3 months)
2. Percentage similarity of work performed during the work break and work during the stint.
In the percentage similarity, work performed during the stint is broken down into its components such as cutting, 
stamping, skiving, matching color, and sewing. Likewise, the work performed during the “work break” (i.e., not 
really break from work because the worker does not stop working but just performs break from the work performed 
during the stint) is broken down into components. When the same components are found, these same components 
make up the % similarity between the work during the stint and work during the work break. Figure 2 shows how 
percentage similarity is arrived at by this research.
Fig. 2. Example to illustrate how this research arrived at the Percentage Similarity of Work.
Work during Stint Total time: 12 units
Work during Work Break Total time: 12 units
Similarity between Work Total time: 12 units
Percentage Similarity 0.7 or 70% similar
Component A Component C
Similar work Not similar Work
Component A Component B Component C
Component A Component C Component D
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5. Methodology
Data of two case studies are combined in this research. The two case studies are: Case 1: fifteen (15) workers 
from a semiconductor company and Case 2: seventy-nine (79) workers from a baseball manufacturing company 
were gathered on their production times for stints 1 and 2. These 15 and 79 workers were all hired by their 
companies, then they had “work break” and were “re-hired” for at least one more contract after the work break. 
Table 2 shows more details about these two cases.
Table 2. Details of the case studies in this research.
Case Product General Process Man-Machine Pace Distribution Duration of Stint or Break
1 Actuator Machining
Washing
Inspection 1
Plating
Inspection 2
Packing
~10% machine-paced, ~90% 
worker-paced
About 70% in this company are contractual operators
Stint 1 # 15 to 16 days
Average work break ~ 10 days
Stint 2 # 16 to 17 days
2 Baseball 
Gloves
Cutting
Stamping
Skiving
Matching color
Inspection 1
Sewing 
(accessories)
Hot hand
Linings
Sewing
Lacing
Inspection 2
Packing
~20% machine-paced, ~80% 
worker-paced
About 80% in this company are contractual operators
Stint 1 # 2 to 3 months
Average work break ~ 3 months
Stint 2 # 2 to 3 months
6. Analysis, results and discussions
Results of correlation analysis performed at Į = 1% show the following:
Table 3. Variables tested and result.
Variables Tested Result
Length of work break and ti or t i+1 Very weakly correlated (not significant)
Percentage similarity of work during stint 
and during work break and ti+1
Moderately correlated (significant)
It can be seen that while previous studies have found that the length of the work break significantly influences 
forgetting, for these specific cases in the semiconductor company and baseball glove production company described 
in Table 3 and where the length of the work break is from 10 days to three months, the length of the work break is 
not found to be correlated with the production time before the work break or after the work break. On the other 
hand, assuming that the worker works during the work break, the similarity between the work during the stint and 
the work performed during the work break is correlated with the production time in the next stint.
Further investigation on the effect of similarity on the production time per unit of good output yields Figure 3. 
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Fig. 3. Results of the analysis of the effect of similarity between the work during stint and work during work break
The blue curve in Figure 3 is a theoretically fitted curve for the empirical data.
Figure 3 shows the following:
x When the percentage of similarity between the work during and during the work break is > 40%, the worker 
begins to exhibit production time on stint i+1 less than the production time on stint i. (Note: this is not true for all 
data points but some data points do exhibit this.)
x At percentage similarity less than 20%, the production time at stint i+1 is not very different to the production 
time at stint i
x Between 20% and 40% similarity, the production time at stint i+1 is seen to be greater than the production time at 
stint i
The results above seem to be understandable except for the percentage similarity values between 20% and 40%. 
This is said because the researchers see that the expected pattern would be that as the percentage similarity between 
the work during the stint and the work during the work break increases, the (ti+1-ti)/ti decreases. This is because the 
work during the work break would mimic the work during the stint and thus remove the “forgetting” of the worker. 
However, this is not seen when the similarity between work is between 20% and 40%. The results show that 
consistently in that range of similarity, there will be increase in production time for stint i+1 as compared to stint i. 
Thus, this will be further investigated in the next study.
With the above discussion, this research suggests that for the minimization of production time difference between 
stints, intervention in the form of making the worker perform at least 40% similar work during the work break be 
done.
7. Summary and conclusions
In conclusion, this research has found that:
1. The length of the work break does not significantly influence the percentage difference between the production 
time in stint i+1 and the production time in stint i. (note: given that this is a period from 10 days or 2 to 3 months)
2. Percentage similarity of work performed during the work break and work during the stint significantly influence 
the percentage difference between the production time in stint i+1 and the production time in stint i.
Percentage similarity of work during stint and during the work break
Actual
Theoretical
(t 2
-
t 1
)/t
1*
10
0%
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Furthermore:
2.1 The worker begins to exhibit a reduction in production time in stint i+1 compared to stint i when the percentage 
similarity of the work in the stint and the work during the work break is > 40%.
Thus, this research suggests that for work to be “reasonably” expected to be possibly of the same level after the 
work break and before the work break, workers may be moved to a “sister” or “related” company where they would 
be asked to perform work that is similar by at least 40% to the work that they were doing during their stint in the 
company.
The above conclusions were arrived at by this research by drawing references to the previous related works of 
other authors particularly those that have linked the length of work break to forgetting, as well as, those that have 
associated the time of the last repetition to forgetting. Furthermore, this research performed its own tests of 
correlation using a methodology based on two cases, one on 15 workers in a semiconductor company and one on 79 
workers in a baseball glove production company. All of these workers in the two companies have worked on at least 
two stints (i.e., hire (stint 1), then work break, then re-hire (stint 2)), thus enabling this study to compare each 
worker’s production time during stint 1 with the worker’s production time during stint 2.
Because the results of the tests and analyses performed on the relationship between the percentage of similarity of 
work and the production time are believed by the authors to be needing further refinement, they are continuing their 
research to particularly to investigate on the factors behind the difference in production time between stints so that 
intervention may be performed to minimize the difference.
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